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Abstract: 

An apparatus of processing a wafer and inspecting the wafer surface includes a 
microcolumn and a scanning probe microscope. The scanning probe microscope provides 
atomic resolution for a highly localized region of a wafer. The microcolumn enables the 
high-speed scanning of a wafer at a relatively high resolution. The microcolumn and the 
scanning probe microscope can be partially manufactured outside the same substrate or can be a 
part of an array of a microcolumn and/or a scanning probe microscope. The apparatus can be 
used in fields of imaging, lithography, and spectroscopy. 
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(74) cfl^o) ^jtgAi 
4)4^ : 



*V 4o| 3S |a ^ ^A]-n5.a.^nl^^. D >^l^s.^^ ^AEfe ?4H£«^)^ o^H^l ^7} sj ^ 91°-^, 



£ 1 

7l^o> 

£ ^7>wj 7|#o)l ^.sj. ^ol^. s.^ tfj^-fr ^> ^ n]^fla(microfabrication)!- 3 *fl ^}E-3.]± 

^ nj-ola.^^^^- i^}^- ^ofl 3^1 3. 

«ti^7]^ 

^7V«j 7l#o,lAi^ 2)e ^> ^T-V ^ ^ * *1 ^}JL 91^. ^<S€: ^A>, £^ 



^gfle] ^AV^^V^ D 1^ (scanning electron microscope, SEM)£- -0.^€ ^h>c.| SEM°1 -^^ ^a]- 

^ 1-2] -g-g-^-§r =§^3 SEM-cr =L 3.7}, 3L*^§, ^ ZLS\- «1 "))-§- °H ZL -fr-g-^ <>1) ^)7} 

91**. *<H, SEM°)1 cfl^§>^ ^€°1 ^A>^-^-g-o> ol^E^o): S^lnfl^oll, ^sflo} SEM o. ,« fji 

4 €■ ^^l" ^}-g-*lK eve}. a*l, 3A r ^-^1- a-S ^ <3^» 3*11 «J ^r^M- ^*>7l 3*1] 

*1 ^2fl3 SEM3 ZfSLS ^#o] u^s^o) *VcK 37^- AflS-g. 4 = 7] o^Tfl ^ ^ 

E1121 SEM3 ^ 21 ^ *W-3 «nl^D>ol eVHiofl tl Afl^ - nfl^cHl ^?1^^. 



SEM^- 7HA}*>71 i^^ ^-dl^ ^7>«j oj-olss-gjigc' o|.ol 3S .^^l." )o] ^^slSic}-. n>ol3^.^^^- 

El ^^«fl^ (scanning tunneling microscope, STM) ^S-^ ^-^Wl *2]-*l-^ ^i^l«J-# ^ nl^]^ ^ 

7>^^-Aj ^.4- ofl 7]3L%t\. D >ol =LS^^*-ar "aaV^J^S. T.H.P.Chang t?§- " Electron Beam Technology - 
SEM to Microcolumn" (32Microelectronic Engineeringl 13 - 30(1996)) , * T.H.P.Chang fe^- " Electron 
-Beam Microcolumns for Lithography and Related Applications" (B 14 (6) Journal of Vacuum Science Tech 
nology3774-81(Nov./Dec.l996))°1H fe^sqol <&5L, ^7] fe^-lr^r 3*11 ^ ^^l^<HlAi ^-7)}%-s\o] oicf. 
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D>ol 2S .^^s.ol ^ ^A>^51jjL fe£r (resolution)* *A**r*l*>, €^«fl** *H*ft =TTr 

2] ^7) &*\S= ^HlAi A>-g-s>7]ofl *^Kr. ole^v cj-s-aj ^-^Ife <g#, el^sfl^, ^ -g--^ §-<»H^ •§- 

i^-evq-. <$s± S.^ ^ ^l^^-S^l^-^l W« ^ SZcf. o}]* l-ol ^A>E^^^n]^ £^ ^*>3 (atomic force) 
^olTjol ^ ^ oi^ ^£sa^ D |^o. a >o] a s.^^ol ^ a«§o] t§£ A]^*l ^a># &1-8-s r fe ^-t> SIM*! 



i 2^ £ 1^ °H3S§^Sl ^^^sHi£, 

£ 6^gr £ 53 Al 6 . 6 -|- nq-el- ^-cfl^[ 
Al°] ^Al E> ^ 
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33. 3€" 51333 ^-a-^-S* Af-g^ 5J-8: ^A^J-T^ -f^jtb 33"§- £3*rfe ^ o| t}. 

AjA^l 



£ 1-S- 333 SE^r 3#(12)33 333tt -g- 333 3*1 (10) • 3333. 33(10)Tr 33 3-2:3(18)3 

d\] Jf33±r 3333.^3(14)3 ^Aj- = 5..ii3.3 3(16)-§: £333. 33 3^3(18)^ 3-f(12)-§- 3=33 3 
3H333(14)3 ^r3H3..>±333(16)-§: ol^Al?l7l 3*11 333 333 ^#7l(£Als]^l &£-)«• ^ Sic)-. 

333333 (14) (3 333 33 3#3) 3 ^.^3.^3 3 (16) 3 ;^*|)^ go. ^^-o) §^ S >£S. ^l(io) 

33 %<*°\ ^-Sfl^-a- 7fl^33. 333333 (14)£- ul3 ^33£# 7H££, 3337fl ^A^Jl Zi^ 333 

3 3#7H ^#(12)^1 cfl3 3iL-l- ^ ^3. ^33, 333333 (i4)-gr 3«3 *^ -g-*113-a- ^l^ 

=r £3, ^3 33-g-3-°fl 31-3^-3 3^3 33 <i33 ^l^cf. 3333^3(14)3 ^ $$(iZ)A.\o]<%*\ 
3333 3* 33fe 3 lmm7> 33. HV^, ^AVHS.«^^1^(16)€: 3#(12)3 n)) ^ ^-Sfl^ *fl^-S>7l 33 
3 3#(12) X33 uf^nl^Lfl^ ^ 5iB 3(20)3" ^-333. *>7]oflAi Aj-^J^l 7)^2]^^^ ^A>Ei 

33333(STMs), 3333.33(AFMs), ^ 333333 (MFMs)-§-§- 5L33fe 333 t4 = S tL*i3 ^ ( 16 ) 

l-o] A>^-S)ol^ ^ o^cf. n HSU 3(20)3 3S(12)3 7l 33-°-S ^A>^ ^ A )-HS.ti.^nl7j( 16 )^. ABf 

(12)3 37} isit e3°ii 3 .a* *ii3-3-3. 333- 3<§33, 3333 71-7133 ^ 33. ^33, ^3-= 

3.Ji333(16)£r a«s.( 12 ) a^-i- 7}Sx|sh ^A>7} flsl-2 333 S3* 33 37>3* 333-°3 ^ 

33^ 333333 (14)Ji 3 ^&|7fl 3*33. 333333(14)3 ^A}H3±L333(16)3 ^.g. Oj^Vg}., 

3^33 ^ £333 3°, -g-g-ofl Aj-g-^- ^ 01^ cJ-g-51 33(10)« 3333. 



£ 23 ^-SflSIfe 3#(12)33 333^r 33 333 3(14)3 3-*(12)32lHl 333fe 33 ^^H^r(channeltron) 
33-3*3 (22) # ^^«-3". ^#(12)^: ^^)^(£A1S13 ^r-S-)^ ^711^. ^#(12)°1 &*}7} ^ 

^-^sl-'S, £#7l(22)Tr ^> ^-4 ^7,> ^nl7j( STEM) Aj-g. ^-a^aI^ ^ o^cf. n>ol ^ ( 14 ) ^- o] n) 

U (field emitter tip; 24)* ^-al^>ji i^S) #JE.-SlH. S£^r «>lnlEi9j ii(£AlElxl S>^-)» S.^- 

*Vcl-. U (24) ^3 3.e)il"-Eji^l j §>a^- ?Vul-o|^ £^ rfol ofS-c ^ £fe Zr/OA/V ^S7l - E}-<a ololel ^ 
^ olnlei ^<a ^ ^4 ^(24)-& 3^ STM-Ef<a X-Y-Z S^HM (positioner) 3 

(26)^M1 ^-3l-£lo1^1rl-. 5L*lA|ui(26)^r ^3 t^el- 3 10fm^ ^ lmm^l 7>^x^. Fl^(2 

6)^ M-^°lH.-i 3*1^ ^ulsl-Jl ^(24)3 % ^^(28)* ^^Al7l^t-fl AV^-^cl-. 3-3 

(28)^- cf*** ^Ait i^^cf. 2^(28)^ 3 3.5mm3 ^o)f 7>^1^. 



^aH]21 Br2\S; 3«fl, ^(24)^- ^#71(32)3 5/m x}^- ^^(30)4 ^*3°1^1^. ^#71(32)^ 0.5. +^<i} 

3^ ^i^- 4^(38)» ^-^^>7l 3*11 100wn3 ^^(36)^- 7>a^ ^^-(34) ^ ^^^^q-. ^i^ 

^(38)^ ^-^-^-7.11(44)3 ^ »m ^^(42) ^"^3^ ^\ ^(40)-§- 3o> 7 l-7fl ^3. ^ 3-°lSS3 3*tr 
(42) •& 2.5/^.3 3** 7>#3. ^^13^^^^^^ 37]^ (12) oil 3 #3 a J(46)3 ^^«3. 

^^(42)^-5-^-3, €3«J(46)£r M J€^7l(48)» ?r-i-*>3. u J^^7l(48)^ 333 #3 3^ 3# ^3 ^3 ^ 
7fl 3/^3 ^^133^ ==r 513. ^^3(48)^ ^(46)3 A J*(12)* 7)-s.3 =-^3 ^t3333 ^3tr3. 3^ 33 3 
3€ €^(50)^ l-2mm3 3-S- 33°113 3(48)* -^#(12)3-°11 ^^3?13. 31^(50)^ 200/Jn3 333 31-ir 
7>3fe ^3 -§- 33 ^33^ 31 33(52, 54, 3 56)-§- i«-*!-3. 

333^.^3 (14)^8- 333^-5. ^#(12)<^13 ¥ls 333 3*3^ 3^> 3#3(60)* i«-3-3. 3 #3 
(60)^r 333AS ^3-^-5- 33-3^ 33-I- 33 333S.^fl^ #2fl3H 37V 3#3<a ^ 3^ ^3^s. 33" 
3^ 3 o)133 37V# 33 33^-3^3 3#7]oj ^ oi^ 3335.^3 (14)^- 33 3 333°11 333 3333 
^aV oflu)Ai rt^i, oil#-l-3 50eV°flAl 5keV333 333 33- 333^3- 3*33. 



^g- 71144 42001-0074651 



£ 24 443.344(14)44 444 Sife §4 444*4 4 44 * ^4 44 44 4 44 44* 444 «■ 
ol^. 4433.^(14)4-2.3. 444 444*4 S 44 4 4 V 44 a 4^- 4444 E. Kratschmer 44 " Expe 
rimental Evaluation of a 20 x 20mm Footprint Microcolumn" (B 14 (6) Journal of Vacuum Science Technolo 
gy3792 -96(Nov./Dec.l996)); " Electron - Beam Sources and Charged - Particle Optics" (2522SPIE4 - 12(1 
995)); M.G.R. Thompson #4 " Lens and Deflector Design for Microcolumns" (13(6)Journal of Vacuum S 
cienceTechnology2245-49(Nov./Dec.l995)); H.S. Kim -§-2] " Miniature Schottky Electron Source" (13(6) 
Journal of Vacuum Science Technology2468 - 72 (Nov./Dec. 1995)); Chang #4 4444 4 5,122,663 S.; 4 
Chang 44 4444 ^ 5,155,412 3:4 44444^, o]b]Q £=- 4*4 a. 7-^444. 

£ 34 ii 4^(38)4 444 4^(50)4 -744 4 4* 4444. 444 44 444 44* K.Y.Lee 44 " H 
igh Aspect Ratio Aligned Multilayer Microstructure Fabrication" (12 (6) Journal of Vacuum Science Techn 
o'°gy3425-30(Nov./Dec. 1994))44 444444, £4 4 444^3 444444. ii(38)4 1 

00-500//m^44 444(68, 70)4 444 44* 4^4 444 44^ ^o]s) ^ ( 6 2, 64, 4 66)* £44 

4. ^4^44 #(68,70)4 444-2-3. PYREXTM4 44 443. *844444. ii(38)« *844-7l 4*fl, 4 
(62, 64, 4 66)4 #(68, 70)4 4444 314:2 <ti444 44444 ^^.ofl 2)4 ^ ^444. 

444444, 44 4 44^444 %4 _o)-£ ofl^J o- -±!e)S ^ ( 62 , 64, 4 66)44 44 ^E]S n)-( 7 2, 74 ^ 7 

6)* 4444. 4(72, 74, 4 76)4 4 1 - 2an4 ^4* 7>44. ZLnfl ^-(72, 74, £ 76)44 44(78, 80, 4 82) 
4 44 44 U 444 44 444444. 4(72, 74, 4 76)4 44(30, 36, 55 42)4 4^(38)4 -£Li(32, 
34, 4 44) # *§444. 

444 4S(50)4 44(52, 54, 4 56)4 4444 444 44 44€- 4(78, 80, 4 82)4 44(58)* £444. 
£4 444 4^(50)tt PYREX™ 44#(84, 86)4 44(88, 90)* £444. 44(88 ^ 90)4 44(58)Ji4 4 
34. 4(78, 80, ^ 82)4 #(84, 86)4 41444:2. 144 0.3. 444 4^(50)* *§444 444 44 ^44 
444. 



£ 444^ 4*1(10)^1 ^4=3.^.^4^ (16) ol 444-2-3 4444 44. ^r4£3J±44 4(16)4 £3*1(96)* 
s.444^- 44471 44 444(94), 4313 ^4 4^=^(98), 4 4^*44 4^4(100)* 3.44^ *efl4 4s. 

H jl Al^6fl ( 92)-i- ol^-^-c)-. 7H1^ A)^ej (98 ) o. 7l ^^ 3]-^.^o>6|l a«^ (12 )^s. ^AVH5.a.4 D l^(16) 

21 =s.a.(96)* <>1-S-44ji. t^-144 4^ 6 J(100)* -a €4 S4^4 S444. =s 0.(96)4 4 44<Hl 

4 4efls. 444^ ^^S- 444 ^^^^(ioi) 0 )! 4«fl 4-S-4 ^144fe ^( 2 o)°14. £4-^4=^^.44^ 

4 4^14 4^-8- 4^4 °1 " Scanning Probe Microscope Utilizing an Optical Element in a Waveguide fo 
r Dividing the Center Part of the Laser Beam Perpendicular to the Waveguide" 11 444 s ! 5,231,286 3£ 

•HI 7fl4H)44 ji. 013 £. ^-44 t g°H4 4*114-2.3. 444444. 47H1 4 fe44 4444, ^4=s.h.44^ (I6)^r 
7flt44 44* 4 4 44 ^?fl4 444 4^44 ^ll : §-44. ^4=s.y_44^ (16)4 4*1144 4«--4^4 
4 ?11 144, 4-1-1-4 o.inm, 443.3.44 44444 4444. STM, AFM £^ MFM4 44 44 44=s.tL4 
4^4 4«(12)4 444444 444 443.3.4^(14)4 4444 44444 4 44. £4 STMs 4 AFMs4 
44i^444 444^4 44444 4 4^, STMsfe 44444^ 44444 4 44. 



44 4^^4 444^ STMs4 ^#4 4^4 44444^ Jl47> 44. STM 4 4 , HJLJi ^(20)4 444^-3 
£444^., ESI ^(20)4 ^#(12)4 £44 7>^44 4^4-^44444, 44444 444 444(102)4 
4444, =3«. ^(20)4 4#(12)44* 4^ 444 44 4444 4444. 4"i 44^ 5.3 «. (96) 4 

^€(12)444 444 44471 444, 4471 444(102)^ 4#(12) X44 4€- H3«. ^(20)4 ^444. 
Esa ^(20)4 in 4 4 444^ 444 444tt 4 4 44 444 444 4 £4 447144 444^ 4444^-3 
44 444444. 4^ 44^ E£« U4- 4*444 44 444 4*44 4(20)4 4*£4444 4* 

7>s.44 *37l 444, STMs^ 4*4 S44 44-1- £444^ 444^ 444444. 
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STMsxr <«#4MM s« € (writing pattern)* ^ ^ 5U>}. S)^nsfl3i|a) * « 0 »g^A^, B) ^ ^fj-fe S 

TM2] = 3.tL ^(20)2 r 12)^V°1°11^ ^3 ^-g-S)xln> 7 }+±. AflS (12) o 1 i ^sqo^q-. ^1-(12)2} <U 

^-g-oiM^ 3* *#<>1 f^^h O.S., £fe £-*>2l €«Hr °<f ^ afl€ 

°1 ^#(12)^1 ^^H^S =r SU, H J2] -g-sfl^^- sfl^ol)^ 2li *3 3.7]% ^fctl-. £-sflir3-§- *lM§f 
^ ISi H(20)2j ^lf-* lnm n J# ^-o}^ *r t£t}# Ejg^ ;*UH] 2j*fl *!* ^flS.^ Xj^oj- i^fr-ir 

-B-E.^: ^ 5U4. at!- ^#(12)4M *fl7l£- stm^4 ^sM*! ^ 5a 1 }. =s.j± ^(20)3 *i 

SlSfl ^sq^r «]2) ^-sfl^ o.S 9XA. STMs-fr ol-§-S}fe eli^efls)^ oflfe ^-^^ rg^o] - L 

ithography Apparatus Using Scanning Tunneling Microscopy" ?1 n ]"^"^-^ *ll 5,227,626 7)]a]£)o];*| jt^ 



7flcf7>, STMstt -g-#7HH ^r-g-S)^^ «r a!^. STMsfe *&q<$ ^^HM #-?r» ^*«r7l nfl-g-ofl, STMs^r »JH 



AFMs^r ^2) 3*V« ^1^-^31 ^7l^^S. JE*H§°I S£-§- 7>^m ^#<H1 ^ltbS)^ &fet}. 

AFMs-fr °l-g-*m ^s}- U A ^±0.^^ ^<a^|» ^-g-^- ^- AFMsfe ^€(12)^f -fr<a^ ^*efl«1 

(cantilever) (1 04) -$°W -^5]^ HS.«.(96)* o] -^a] ji , ^§ (12 )^ 7\S.^] ^A\S\o]Qu% (1 

04)2] HVAVs. ^^Hr ?M) 2)Sfl ^sq^c}. S£fl <f|(20H ^€(12)^5. ^U""]], *f7l =H1 tfl-g-^ 71 eHl 
2jSfl ^#(12)°lH «7}^-<>l2] ^ol 2|-g-sfjl £1H fK20)°fl ^^=^c}. ?>H H 31^(1 04) ?$1iiW2] im] 
-B-^Al?l£S. ^caji ^1^5]^ <y-^7l ^^Sll(102)» S^"*!-^. ® ^ efl ul ( 1 04) °11 ^-g-S]fe ^Sl-(12)3] §^ 

21 «fl<14 ^^jM >a^-S]jl, ^§(12) i^2] t>lnl^^ 3-g-sl ^oj- ^^s. Mj-^-gi} 



^E«5flHl(104)7> ^ ^4 ^-^1 ^4^* ^ SiE^ AFM^l ^^efl«1(104)^ ^Bl^- »H 7}^ 

7}^°\] a] si) h^h <D(20)-& ^ ell tH (104)2] ^>-B- ^-^-^1^ «-a}-S)o]^lcf. ^«V^ o.s AFM ^ 

■& Park Scientific Instrument^Hl ^ «fl ^l^Sjfe &^ Si 3 N 4 zt^2] ^ o] ji_ 80n m ^ ^1#"§- ^Bltbcf. 2l4iZL2fl3) 

<^)«-i-o1 30nm2) Ti7> E£U ^(20)^1 ^^Sl<>1^1^. AFMs^ °] ^ <S^* ^^7171 ^SflAi =5L 
« ^(20)°11 2)sfl #7)HH H-iL^e]-^ S i S^-§- ^t^lfe ^sfl aj^^Vch] sflSdl" 

SI 1 -!". °1 «H S) E.S.Snow ^2) " Fabrication of Si Nanostructures with an Atomic Force Microscope" (6 
4(15) Appl.Phys.Lett. 1932 -34 (April 1 1,1994)) 7^1^01x13., ol^l^- *£*§c>\]*\ o] 

v}*]^±3., MFM-Sr AFM 2) ^^2± i^f ^Hl*Vcf. MFM2] =S.a.(96)^ ^>^1 7))SS. ^^=l<H^!cf. 

A 1 , MFM-Sr 5S.M. ^(20)^1- ^#2] a^Aj-ofl ^^ololl ^-g-^^ 7>7l^* ol-g-ef^ ^^2] oln]xl* ^ 



n>o]3S^^(14)^ (16)£r *rH-2l -ify ^-^1(10)2}- ^o] ^^^] ^ e] 3. o.S.-?-Ei n)^ 

^ «r^^^>4. S- 5^ ^VHS-y-^^^de)^ n >ol 33.^^(14) ^ HSJeL ^-§-2] ufl<gol 5}-^.^ ^f- ^^-( 

59)^°)1 ^1^51^ cfl^^<y ^Aloilsl ^-^1(105)1- S^-Itlrcl-. £ 6<H]^fe (105) ^-¥-2) ^r<a£7> ^)^5)i, ^i^- 
(59)^1 ^>SS.«.^nl^(i 6 )S] s^h. cfl ^ 7]& ^£_2}- v}o]3.3_igig (14) ^ ^ (i 6 ) ^ c > 

<?]^ €^(50)21 ^^-(56)°)lAi zj-g-s)^ « 0 ^t ^^*lcf. °>o| a s.^^(14)^r °>?J€ 31^(50)2] ^^-(56) , 
^71 7)#^ a o V^# o|-g-5>c^ Jg^sl-Tl) 7flS5lo1^1cf. ZLu% ^ *\»-3i^n)t= ^^5)<H^J1 oj:^. ^ aj- g:^ efl o] ^ ^ 
^ 71^-1- ol^-^ fl-Tfl ^zj-5)ol^cJ-. ol^Tfl -S-^ ^-^12] o. ^av Al^Ejo] ^Sj-^ofl «fl ^t!-5l«H^l 

Cf. n}ol=LsL2i;|]2) ^AVH^.u.^nl^ 7l^2]^oflA-1 3-g-S}7l nfl^-^l, A>ol^ « 3 7> 

^t+. °Vc)a^^^(14)4 ^>n 5 .u.^ui7j( 16 )^ q.rHx|^ f^eflaj o. s ^^^^^li^. 
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333 °-5, 4°13£|? (14)3 ^M-*-5tL333 (16)* *333 3^333^ ^3 5. l3 33 3^3(18)3 3i 
33333. 33* 333533 (14)^ ^M-HSJi^l 3 (16)3333 333 333 3-2-33. 33(io) 

* 33 7>*33333 100/M) X lOOffln 33 33 I" * 9X3-, 5E* lcmX lcrnS 37l| 3 * 33. 3* 37)^ 33 ( 
10)7} 3* ^* 71 7fl3 333* 3333, £* 3** 5L33* 333 3* *3333 3*3 * 3fe 33 3 

4. 



33(10)* 333533(14)33 f4£S«« D l^(16)f 3r*-2-5 3-g-*}-* 3-S.3 ** *3*3 33-f- 3^-3 
3 Cf^S] 3-§-3 A}.g-333 ^ &3. 33(10)3 333.533(14)* ji^o.S. Afl = ( 12 )o 1 ^tjjaj o. s ei^^ 
33 3*>« 3*333, *3 = 5«.333(16)* i^cf ^*>7fl 3^33^1, §3-713 £* *>3 3-^3 3 

* 3-*33 3iL» 3*33. 337>, °Maas^ (14)* 3«(i2)3 * 33* 3333*3 3*3 3 si^m, * 

3-*5iL333(16)* abs.( 12 )'S-<H1 3333 33* 333*13. SEtb 33(10)33 °ffl3SS^ (14)3 t4SS 

£L«33(16)3 333* 3-33 *3 33» 3* SU. 333 3*11 ** 33*3 3^337> >£333. 



33 £ 7* 3^33, * 333 3-E- 3333 3*(12)33 333 3 —5 £.333. £ 733, 33(n 

0)* 33 3°l3533(i4)3 333 ^3=5*1333(16)3 333(112)* 3.3-3-3. f-4£s.u 3133 (16)3 
333(112) 3 333533(14)* 3*(12)333 *33 Mt^ 33. 3333 33333, 333 
(112)3 *333 ^3= 5*1333(16)* STM(ii4)33L, 333(112)3 7>333* 3-& *3=5i±333 (16) 
* AFM(116)33. 3333 AFM(116)* 3*(12)33 3* *=.(118)3 33 33(110)3 333 33333 
3«-3^33 33* 3*3 * 33. 33 ^3* 3»(12)33 33(110)* 3333 3 3 3** * 5SU. 333 
*3 STM(114)* 333533(14) 3 3^33* 3 3£* 333* *3 3#(12)33 333.3 333^* 7l 
333 33 3-8-3 ^ 33. 



£ 8* * 333 £ 3* 3333 3333 33£* 3333. 33(210)* 333533(14)3 333(212)* 
it«la, 333 333^33(14)* ^3 33£ 333 *3=5«.33 3 (16)* 3*3. £ 73 £33 3 

3 3* *3=5H.3333 333* 333 333533(14)3 33 3*S *£ 33. £ 833, 3*(12)* 3 
*3 33(214)* 3* 33333. 33(210)* 333 333533(14) 3 =l 333 ^3=5*1333(16) £ 
* ^a>=s.«3333 3 337} 333(12)3 333 33(214)33 35=3 333(12)33 3333. 33353 
3(14)3 3 3°1(212)« 3* 33(210)* 3*3 3^3 333(12)3 33(214)33 *33 33* <r 33 3 
*3, ^ 33#3 3^^-33* 3^-33. 



333 333^3 333 33333, 3- 338: 27>3 33# 33£ 333 3333 333 33: 3^0, 3 l £ 
^33 333533 3 3 2 £^-533 ^3=5«.333* 33; £^ 1-^, 3 l £353 ^3 = 5«.333 3 
*fl 2 £^53 33353^3 33. 3* *3, £ 83 33(210)3 3 3333^ 3# ^ 3^33 33* 3€ 
333 33 3 i £fSA-| 333533(14)* 3*33. 7>333 ^3 = 5^.333(16)* 333(12)3 333 
33(214)3 333533(14)* 3333 333 *** 3 2 sl=?-7} 333, 333 333533(14)3 333 ( 
12)3 333 33* 3<a33£* 33. °1eH3 3*. STM £* AFMir3 337> it^r 71-333 ^3=5^.3 
33(16)* 333(12)3 7f333* 33 333 33 35.(118)* 33 ^333. 7>333 ^3=5«.333 (16) 
*n^ 333(12)3 33(214)3 33 333533(14)3 33*2:333 33 3*3*33 3 a.* 3*33. 
^-7)3 33 3c»i f ^ov ^A)-Hs.a.333(i6)* £* 333(12)3 33* 33333 33 3*3 * 33* 33 
*333 33. 
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-§-8-°l 91^. "}°)ELsL2im (14) & &^9XS= #71 ^Sfl ^l-^-^l^^Ml ^>MW. €-9 °1 ^lsl^, 

a s .H.^ D i7j( 16 )^. ^ti-STM -§-g-°)l ^SIXI^-. 3Eth ^1(10)^ ^f. ^^l, ^ * 



^ % <liz «i)^5l<H^fe W^l »><$d\} s\n «3« ufsf ^ .e. ^ai ^ tgoiq.*) ^ji 

Ai "S^^l- cf^^Tfl =^ (10)fe STM, AFM, £^ MFM ^lSi^ D HI i 

jat)-. t)-g. ^A>H5La^D)^^ ^AV^-^nlTj, ^A^^^^n]^, ^A>^^n]^, ^a}^^xi]^ > ^ 
aJ- o]^-_£^Aj ^DlTj ^--g. Sfl-fct).. 



(57) "gfl 
^T 1 * 1. 

Aj-71 AlAl^SflAj-ofl ^£|al Aj-7] *fl ! v}o]3.3.^3i\. 7)1 1 ^Afn^jdign]^ ^ ^ £ S^S} ESBf 

ifsl^ 3* ^'^S sl-fe ^1. 
2. 

*11 1 *"fl SU^I, 

-#7l ^1 1 o>ola. S ^^ ^7>ai*- H o v #«l-7l ^Sll ^H. ol°lEl U-i- 2.AlA^u-)(po S itioner); 
^7>«j^- ^#^71 cfl#^^; ^ 

^T 1 * 3. 

*ll l ^o\] 

Aj-7i °}<>laa^|3f ^#7i» c-i i«-§>^ 3* ^1. 
4. 

XI l *<Ml sa^-H, 

^"71 ^1 1 ^AVa^.H.^ul7j^- ^Aj-E-l^^^nl^ol sl-^r ^1. 
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^T 1 * 5. 

XI l 1H1 5fl°H. 
XI 1 W 5fl°H. 

X| 2 §J 

^•71 *1*1^2:X)^-°1| X| 2 ^> = S«.«nl^ ^ ^o] 5- 5>M-S1 c] i^jl, -#7) Xl 2 ^4HSU^i 

°13£r 2 "lolaSS^ ^51 *}*r 

XI 6 %H1 5fl°H. 

^"71 Xl 1 ^ Xl 2 ^>=S«.«nl^^ ^AVEl^^^nl^o] 3j.fi. o. £ ^ #*1. 

^^8. 

X| 6 5fl°H, 

-*7l Xl 1 ^A>HS.«^n|^^- ^AVEl^^^Dl^cljl, ^-71 »1 2 ^A>=3.j±«nl3 £ ^^>^ ^1^°] 3j.fi. ^!o S 
^T 1 * 9. 

Xl 8 *cHl 5fl°l*l. 

^-71 ^l^l^P-SXl^ XI 1 °>ol 3.3.^^21 <a^- ^ XI 1 ^l-n S _H^nl^^ =^u. 7 > $^3^ ^ 7l^(crysta 

lline substrate) ■§- S^Rr 3-§r f^'AS *>^- ^1. 

10. 

Xl 1 9l°]*\, 

<#7] XI 1 "MSStt^r ^>H S a.^nl^^ ^Ml- 3 S^rfe 3* <5 r ^ 

^7--% 11. 

Xl 10 1H1 °H. 

^t 1 * 12. 
XI 10 
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13. 

*)1 1 *<H1 S^l, 
- 14. 

^■7) 35.23^0] o^eflol ^ tms\ v}o]3_S-^3!\- a^s} qo]5L sfq-Sj ^ A ].n s a.^ n | ^ .g. 5c 3} 

-g- f^lS SHr 

^*J- 15. 

*1 14 5a°W. 

16. 

*1 14 

17. 

14 *J°fl 

18. 

14 &oH, 
^t^J- 19. 

*n is *<hi 5tz°H. 
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#*1. 

20. 

*l 19 #°fl 5K°W. 

#7) P>OlaS.^^2] <H5fl°lfe 7)-^>^# ^i, #71 ^M-eI^^I^ #71 « 

7>3 *M3£r 7>#7>Bll- m-S} 3*1 SRr ^"i: ^^'AS S>tt #*1. 

21. 

14 #°fl 5tM*l, 

#71 i^liliS.^^ o^Eflols] <yj=L ajojs. sl-t+2] ^A>ns.«.^n)^ol asifc ^ ^ 7l ##°fl x\ ^ 
?}<L3, -S}^ #*1. 

^nF# 22. 

a-^Sl cH <^-g. i^fe ^ol^a. ^ afl€^>fe #^ofl ^^^1, 

7>#7V3l§ ^ ^^H] r.>ol 3 S.«^Sl ^Eflol ^ #7l afol^ig^ efl o) ^ v\°}ELlL?k&^ % 

#71 P>ol3S^^2l ^Hs] z^o} v}o}3_s.^o] %]o}3)o] z^S} t±o] <g<*#ofl afl^]Sl£a ^o] ^^6\] J$ 7 ] # 
*1» Hfl*l*Kr #711; * 

nM^LsL^Sl oleflo)!- ol-g-s>o^ ¥fl ol 3^ ^ q.ol <g<*,g. ^S^Rr e^ll- i#*>fe 3-1- *Vfe ^21 c]- 

*ll 22 #°fl $1^^, 

^<>1£ sH+21 ^AVHS-jd^ni^ oi^oio] 7 pj-^^s. tq-ef Sl*]^, 

?1M51#<H1 #71 #*1» ^sfl qo]z. s-i-q-s] = o.s.-^el #ii# -fri^V^ #31# 5J 

24. 

23 #<H] SI^a-1, 

qo]5. §1-1421 ^At-HStL^n)^^ ^aV^ ^d)^o] s^lo £ ^21 cfo] <g<*j-|- a#s}-^ 31 e>l 3] 2} QA\ 

^ ifl€sl-# , a. 

25. 

*1 22 #°ll sa°H. 
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H^U" 26. 

25 91°]*], 

. ^7] ajo^ £ ^sl ^4£S«S B 1^ ^M-e^^dI^o) 51-1- ^^^S *>tt <3<3-& *IMsl 

' 27. 

*ii 22 *ofl sa^i, 

SiL^l^ o. ^nl^ol^, oleflol^ ^ofl 41*14 MSi^ 11 ^* ^ A >^ ^ « n l 3 , 

3)^^ 28. 

-y-71 hsj±3.^-bi aij:* -a-^svfe #7)1-1- a^-s>ji, 

-8-71 U * H5LJ±tt « ^lvflofl ^s^fe 3-8: ^^-S. s}^ ^#^1^5) . 

H# 
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So 
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